The distorted octahedral title complex, [
Introduction
The chemistry of precursors for inorganic materials has raised considerable interest in recent years, especially with respect to application in electrodes, optical coatings, and nanomaterials (Avvakumov et al., 2000) . The need for soluble or vaporizable compounds has made molecular metal complexes one of the preferred target-substance classes. Exact knowledge of precursor structure is vital for a deeper understanding of deposition, decomposition and optimization potential. Vanadium oxide fluorides -and corresponding lithium compounds -are promising candidates for application as electrode materials in lithium-ion batteries (Mä ntymä ki et al., 2012) . This is based on the fact that theoretical calculations have predicted an increased redox potential through substitution of oxygen with fluorine (Koyama et al., 2000) .
We herein describe (OC-6-13)-difluoridooxidobis(propan-2-ol)(propan-2-olato)vanadium(V), [V V F 2 O(OiPr)(iPrOH) 2 ], (I) (see Scheme; the mirror plane in the case of a time-averaged solution structure with ligands freely rotating around the V-O axes is identical with the paper plane), which was discovered serendipitously while synthesizing vanadiumoxide-fluoride precursors from oxidotris(propan-2-olato)vanadium(V), [VO(OiPr) 3 ]. Complex (I) is a propan-2-ol adduct of [V V F 2 O(OiPr)], a compound already described in the literature (Priebsch & Rehder, 1985) . Although the latter is easily prepared, no crystal structure of [VF 2 O(OiPr)] or a compound containing this structure motif has been described so far. Roughly similar coordination environments around vanadium are, however, found in some polynuclear -pivalato or -methanolato complexes like (Et 2 H 2 N)[Cr III 6 (V IV O) 2-F 8 (OOCCMe 3 ) 15 ] (Larsen et al., 2003) and (nBu 4 (Spandl et al., 2003) .
Experimental

Synthesis and crystallization
All chemicals, except for [VO(OiPr) 3 ] supplied by Strem Chemicals, were purchased from Sigma-Aldrich and used without further purification.
[VO(OiPr) 3 ] (1.70 g, 0.694 mol) was dissolved in propan-2ol (20 ml). To the resulting colorless solution, aqueous hydrofluoric acid (40%, 0.3 ml, 0.7 mol) was added. The yellow solution obtained was stirred for 90 min at room temperature, the color changing to orange. The solvent was evaporated in a medium vacuum, leaving an orange liquid (ca 5 ml).
A sample for NMR spectroscopy was prepared from the product (I) (0.01 ml) and (D)chloroform (0.05 ml). After measurement, the sample was stored at 238 K in the dark and produced clear yellow needles after a few weeks.
NMR spectra were recorded on a Bruker ARV 400 at room temperature. Chemical shifts refer to SiMe 4 , CCl 3 F, and VOCl 3 for 1 H, 19 F, and 51 V, respectively. They were calibrated with respect to the residual proton signal for 1 H ( = 7.26) or an electronically stored frequency for the other nuclei. The 1 H NMR signal for the hydroxy H atoms was very broad; its integral suffers from problems of limit choice and thus seems too small. 1 H NMR (400 MHz, CDCl 3 ): 5.08 (s, 3H, CH), 3.06 (s, 1H, OH), 1.39-1.37 (m, 18H, CH 3 ); 19 F{ 1 H} NMR (188 MHz, CDCl 3 ): 43.6 (br m); 51 V{ 1 H} NMR (105 MHz, CDCl 3 ): À640 (br m).
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 . All H atoms were located on difference Fourier maps. C-bound H atoms were constrained using a riding model [C-H = 0.98 Å and U iso (H) = 1.5U eq (C) for methyl groups, and C-H = 1.00 Å and U iso (H) = 1.2U eq (C) for methine groups]. Methyl groups were considered rigid but freely rotating. O-bound H atoms were refined with restrained 1,2-[O-H = 0.84 (2) Å , final range: 0.78 (2)-0.81 (5) Å ] and 1,3-distances [C-H = 1.86 (4) Å , final range: 1.85 (2)-1.90 (3) Å ], as well as constrained displacement parameters [U iso (H) = 1.2U eq (O)].
Results and discussion
Experiments to synthesize precursors for the preparation of vanadium oxide fluorides were performed with [VO(OiPr) 3 ]. It was reacted with different amounts of hydrofluoric acid in organic solvents, giving air-and light-sensitive products. Single crystals of the title compound, (I), were obtained via reaction of [VO(OiPr) 3 ] with aqueous hydrofluoric acid in propan-2-ol (V-HF-H 2 O = 3:3:5). They formed by recrystallization from (D)chloroform in the refrigerator over a period of a few weeks.
The electroneutral complex (I) crystallized in the triclinic space group P1 with two molecules in the asymmetric unit ( Fig. 1 ). Coordinative V-O bond lengths (Table 2) fall in the common range for vanadium alcoholates, the bonds to the propan-2-olate ligands being by 0.4-0.5 Å shorter than those to the propan-2-ol ligands (Spandl et al., 2000) . Furthermore, metal-organic compounds 
Figure 1
A view of the two molecules in the asymmetric unit of (I), showing the atom-numbering scheme. Displacement ellipsoids are drawn at the 50% probability level. H atoms are drawn with an arbitrary radius. Moieties (a) and (b) are in different orientations.
Figure 2
Superposition of the two molecules in the asymmetric unit. The moiety containing V2 (grey) has been inverted. Atoms are drawn with arbitrary radii and C-bound H atoms have been omitted for clarity. Table 2 Selected geometric parameters (Å , ).
78.23 (7) F20-V2-O63 82.38 (7) F11-V1-O33 82.71 (7) F21-V2-O63 77.34 (7) O12-V1-O43 172.37 (10) O22-V2-O73 177.56 (9) O53-V1-O43 87.31 (9) O83-V2-O73 83.05 (9) F10-V1-O43 82.49 (7) F20-V2-O73 79.61 (7) F11-V1-O43 77.61 (7) F21-V2-O73 82.67 (7) O33-V1-O43
78.72 (8) O63-V2-O73 82.07 (9) the trans effect caused by the strong oxido donor results in an elongation of the opposing bond to a propan-2-ol ligand compared to the other (0.07 Å for V1-O43 and 0.11 Å for V2-O73). The coordination angles (Table 2) differ notably from the ideal values of 90 (cis) and 180 (trans) for an undistorted octahedron. The continuous symmetry measure (CSM), which 'quantifies the minimal distance movement that the points of an object have to undergo in order to be transformed into a shape of the desired symmetry' (Zabrodsky et al., 1992) , corroborates this view: with S(O h ) = 0.84 and 0.97 (moieties containing V1 and V2, respectively), the deviation is considerable for a complex of only monodentate ligands.
In the distorted octahedron, the propan-2-ol ligands adopt a cis configuration in plane with the oxide and propan-2-olato ligands. The fluoride ligands are trans-coordinated in apical positions with respect to this plane. In solution, this configuration would lead to an achiral molecule in the time average (see Scheme) because of the ligands freely rotating around the V-O axes. As this is not the case in the crystal, a considerable degree of chirality is found in the complex moieties, as defined by continuous chirality measures (CCM): S(C s ) = 2.93 and S(C s ) = 3.99 for the moiety containing V1 and V2, respectively (Zabrodsky & Avnir, 1995) . In the chosen asymmetric unit, the two molecules in the asymmetric unit are of opposite chirality sense; an element of pseudosymmetry was not found. In addition, all organic ligands are twisted around the O-C axis with respect to the other moiety ( Fig. 3) , making the molecules pseudo-enantiomorphic.
Each molecule takes part in four intermolecular O-HÁ Á ÁF hydrogen bonds. Two neighboring moieties -crystallographically identical to the central hydrogen bond -are each connected by donating and accepting one bond (Table 3 ). In this manner, infinite chains of (I) propagate along [100] (Fig. 3) . These interact via van der Waals forces by means of the alkyl residues. Table 3 Hydrogen-bond geometry (Å , ). (2) 175 (3) Symmetry codes: (i) Àx þ 2; Ày; Àz; (ii) Àx þ 1; Ày; Àz; (iii) Àx þ 1; Ày þ 1; Àz þ 1; (iv) Àx þ 2; Ày þ 1; Àz þ 1. (Farrugia, 2012) ; software used to prepare material for publication: WinGX (Farrugia, 2012) , Mercury (Macrae et al., 2008) , PLATON/MOLFIT (Spek, 2009 ), PLATON/PLUTON (Spek, 2009 ) and CSM website (Zayit et al., 2011) .
(OC-6-13)-Difluoridooxidobis(propan-2-ol)(propan-2-olato)vanadium(V)
Crystal data (9) 0.0065 (7) 0.0067 (7) 0.0095 (8) F11 0.0165 (8) 0.0263 (11) 0.0337 (9) 0.0043 (7) 0.0069 (7) 0.0036 (8) (14) 0.0296 (11) 0.0101 (9) 0.0160 (9) 0.0071 (10) O83 0.0247 (10) 0.0200 (13) 0.0275 (11) 0.0000 (9) 0.0064 (8) 0.0011 (9) F20 0.0202 (8) 0.0280 (11) 0.0276 (9) −0.0011 (7) 0.0092 (7) 0.0012 (8) F21 0.0203 (8) 0.0297 (11) 0.0320 (9) −0.0023 (7) 0.0116 (7 (15) 
